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The genus Batrachuperus was described by Boulenger in 1878, at which time only one species, Batrachuperus pinchoni, was known. Presently eight species are recognized, occurring in two geographic divisions. Five species are found in relative close proximity in the mountainous regions of Szechwan and far eastern Tibet. B. pinchoni, B. karlschmidti and B. cochranae may be found together in streams in Szechwan province and B. yenyuanensis inhabits pools at higher altitudes (Thorn, 1968) . B. tibetanus occurs to the north on the Tibetan border of Kansu. Liu (1950) gives detailed accounts of the Batrachuperus species of western China. Three more recently described species are found far to the west in Iran and Afghanistan. B. persicus and B. gorganensis occur on the north slopes of the Elburz Mountains (ClergueGazeau and Thorn, 1978) and B. mustersi lives in the Paghman Mountains on the southern slopes of the Hindu Kush in Afghanistan. Research on this species has been limited to a short natural history paper by Nawabi (1965) , which briefly discusses the habitat and egg cases. This Morphological measurements were made on 106 preserved specimens. The left gonad was removed from sexually mature adults and volume, oocyte number and diameter were measured where appropriate. The specimens were grouped as males, females and larvae and dispersion statistics (mean, range, variance, and standard error) were calculated for each group to allow comparisons between the groups and to look for evidence of sexual dimorphism.
Stomach and intestinal contents were removed and identifiable food items recorded for each specimen. Food items for all specimens were then grouped by taxon and compared by volume, number and frequency. Skeletal features were described from 3 cleared and double stained specimens (one adult, two larvae). Batrachuperus mustersi was found in the stream at altitudes between 2440 m and 3750 m but was more common at the sources of the three tributaries. Water temperatures varied from 0-20?C. The salamanders were never observed in the water above 14?C. Adults were found under rocks in fast moving water, larvae in deeper, quieter pools, commonly under floating beds of watercress and duckweed. All three tributaries were fed by melting rock glaciers. Rock glaciers are large moraines left by previous glaciation where glacial ice below is melted by the pressure of the rocks above. Since the ice is melted by pressure, water flows continuously regardless of ambient temperature.
DESCRIPTION OF STUDY
Algae covers most of the submerged rocks in the stream, supporting numerous types of aquatic invertebrates (see "Analysis of Stomach Contents"). Vertebrates in the valley included goats, many avian species including dipper birds, numerous reptiles (Coluber ravergieri, Eryx elegans, Agama spp.), an amphibian (Bufo viridis) and stream fishes. Predation on B. mustersi was never observed but possible predators include fishes and Coluber ravergieri, which on three occasions was seen in and near the stream.
DESCRIPTION OF BATRACHUPERUS MUSTERSI
Adults. Thorn, 1978) . A distinct gular fold demarcates the head with two to three longitudinal folds running forward on the chin.
The limbs are well developed with the digits overlapping when adpressed. The third finger is slightly longer (order 3-2-4-1). This contradicts the original description (Smith, 1940) , which notes that the second finger is the longest as it is in B. yenyuanensis and B. pinchoni (Liu, 1945) . Two specimens were regenerating parts of their hands.
There are generally four fingers and four toes but some anomalies were found. One larva and one adult have five fingers, and one large adult has five toes with the fourth and fifth toes fused. One adult has fingers two and three fused on the right hand. In all specimens the third toe was longest (order 3-2-4-1).
The tips of the digits are covered with a brown horny epidermis, which is also found in B. karlschmidti, B. tibetanus, B. yenyuanensis, and B. gorganensis (Liu, 1950 ; Clergue-Gazeau and Thorn, 1978) . It does not extend onto the soles and palms as in B. pinchoni, Onychodactylus or Pachypaliminus (Liu, 1950) . These "claws" are darker in the larvae. The foot and the hand each have two tubercles on the palmar surface, as do B. karlschmidti and B. yenyuanensis (Liu, 1950) .
The vomerine teeth are in two small, arched, transverse rows between the choanae, nearly touching at the midline. The rows nearly reach the level of the inner margins of the choanae. They are separated by a distance of one-fourth the length of one row or less, and sometimes The tail is vertically oval to square at the base, flattening gradually to the tip, which is obtusely pointed. The tailfin begins posterior to the hind legs, is highest about two-thirds of the way back and is frequently nicked or jagged. The tail is slightly shorter than the body, as it is in B. tibetanus, B. karlschmidti, and B. pinchoni (Liu, 1950) , and is a site of fat storage.
Batrachuperus mustersi is ideally colored to match its habitat. It is dark olive brown to yellowish olive, indistinctly speckled with tiny pigmented dots. The venter is lighter with fewer pigmented specks. There are no color differences between the sexes.
Statistical comparisons between the sexes were made on all morphological measurements taken (Table 1) . This comparison showed no significant difference except for the vomerine tooth count. In most measurements the males are slightly but not significantly larger than the females, as Liu (1945) In females the vent is a longitudinal slit that is sometimes puckered or swollen, causing grooves on the lateral lips. In contrast to most salamanders the female has a more swollen cloaca than the male.
In juveniles and larvae the vent is like that of the mature female but lacks the swelling and lateral grooves. In immature adults it is impossible to determine the sex by external characteristics. Swelling of the vent in adults increases during the reproductive cycle with maximum swell-ing occurring in the weeks prior to oviposition.
Larvae. (Chang, 1936) .
The branchial apparatus of the larvae has four epibranchials with some ossification of the second ceratohyal and epihyal, which become fully ossified in the adult. In addition the adult has an ossification at the tip of the hyoid arch. The os thyroideum is ossified in both larvae and adults.
The coracoid cartilage of the pectoral girdle is large and overlapping. In a given individual either side may overlap the other. The procoracoid, peculiar to urodeles (Noble, 1931) , is also large and extends anteriorly, but is not ossified.
The vertebrae are biconcave and are irregularly shaped in the distal one-third of the tail in the adult specimen. The ribs are widened proximally, not forked but blunt. There are three pairs of post pelvic ribs. The ypsiloid cartilage is present anterior to the pelvis.
The hands of the adult show a combination of features. The right hand is typical of hynobiids with five carpals, but the left hand has two of the carpals fused. In the foot there are five tarsalia, no prehallux, and a cartilaginous remnant of the distal tarsal, related to the reduction in the number of digits in the foot.
All of the above characters are expected in primitive hynobiid salamanders except the fusion of the carpals and the lack of the coronoid bone in the lower jaw of the adult. In drier years the range of B. mustersi is restricted to the more constant environments of the three tributary sources. Evidence of a more extensive range is indicated in the original species description (Smith, 1940) . The collector, Mr. Chaworth-Musters, reported that the salamanders were fairly common between In B. karlschmidti temperatures above 21?C are lethal especially when brought on rapidly (Liu, 1950) . The same sensitivity was evident in B. mustersi from the number of live specimens that died in transport.
Behavior.-Batrachuperus mustersi is totally aquatic and was never observed out of the water. Nawabi (1965) reports that it was always found in the water or under nearby rocks (talus). The stomach contents were all aquatic organisms (Table 2) . Most activity was observed after the sun dropped behind the ridge until the sun again struck the stream the next morning.
Adults were found under flat rocks, crawling through submerged talus or out feeding in the stream bed. Larvae were not found under rocks unless ample water flowed underneath. Larvae were usually found in deeper water than adults, out of the main flow of current, in shaded pools, or under beds of aquatic plants.
Metamorphosis takes place in the spring. Analysis of larval size shows two size classes (Fig. 1) , and that transformation takes place after two years. The same developmental pattern occurs in Bufo viridis downstream, where two sizes of tadpoles are found in great numbers. This has also been reported in Batrachuperus mustersi from Iran (Steiner, 1973) .
Feeding Behavior.-Feeding was usually observed while the salamander waited in the current to make grasping lunges at debris or prey that passed by. Occasionally while feeding they would rise to the surface to take air. Stalking was observed during several attempts made at large moving prey. Three observations of prey stalking ended in the successful capture of earthworms underwater. In one case two adults were seen competing for the same worm, each getting half. Other field observations include the capture of aquatic insect larvae and the taking of pieces of algae. Vision seemed to play a major role in prey capture. In the laboratory live specimens would snap at food items only if they were moving. The larvae and adults were seen taking clumps of algae. The larvae fed throughout the day by foraging on the bottom of pools and along the edges of rocks.
Analysis of Stomach Contents.-Stomach and intestinal contents were examined from 28 larvae and 42 adult Batrachuperus mustersi. Three hundred fifty-one food items were identified representing 15 different food types ( Table 2 ). The major food types by number are trichopteran larvae and cases (32%), gammarid shrimp (23%), dipteran larvae (14%), coleopteran larvae (9%), ephemerids (8%), and elmid beetles (6%). Gravel and miscellaneous material (mostly plant matter) took up 36% by volume. Liu (1950) examined the stomachs of six specimens of B. karlschmidti and found 61% gammarids, 24% stone fly larvae, 11% trichopteran larvae, and 3% dipteran larvae by number. Food preferences of these two species reflect similarity of habitat, both having high percentages of trichopterans, gammarids and dipterans in their diets. B. karlschmidti differs in taking plecopterans, which B. mustersi does not, even though they are available. Liu reports only one piece of moss found in one stomach in contrast to the large amount of plant matter found in the stomachs of B. mustersi. The plant matter was algae taken either accidentally in the pursuit of other prey or, more likely, ingested because it was moving.
In B. mustersi, prey items were frequently found in great numbers in a sin- gle specimen. As many as 28 trichopteran cases, 16 gammarids, 10 dipteran larvae, and 5 earthworms were found in single specimens. The average adult examined contained 1.5 types of prey and 4.5 prey items. The average larva contained 2.5 types of prey and 6.4 prey items. The maximum number of prey items in one adult was 32 (29 for larvae). One instance of cannibalism was found in a larva measuring 41 mm snout-vent length which had consumed another larva.
Parasitic nematodes were found mainly in the lower intestines of adults. One adult male specimen had 17 nematodes in its lower gut. The nematode Spironoura afghana has been described from B. mustersi by Barus et al. (1972) .
Food preferences of the larvae vary from those of the adults, probably due to the habitat partitioning evident in parts of their range. Food items taken by larvae and adults are compared by relative occurrence of each food type in Fig. 2 . Adults preferred larger prey such as earthworms and trichopterans, whereas the larvae ate the smaller larvae and elmid beetles. All of the larvae had food in the gut but 10 of 42 adults contained no discernable food. Three of the latter had completely empty intestines and seven contained large amounts of plant matter. Presumably larvae feed throughout the day while adults, as has been observed, do not feed during the hours when the sun is striking the stream.
REPRODUCTION
The family Hynobiidae utilizes external fertilization (Dunn, 1923a; Salthe, 1967; Porter, 1972) , which takes place in water. Males lack papillae on the cloaca and females lack spermathecae, both of which are required for internal fertilization (Dunn, 1923b; Chang, 1936) . The eggs are deposited in sacs or cases which are slightly pigmented with a small vitellus and are the most complex of all aquatic amphibian eggs (Salthe, 1963 In B. karlschmidti the number of eggs laid by a single female is unknown (Liu, 1950) , but Goin (1960) suggests that each female B. karlschmidti may deposit five or six separate egg cases. More than 45 eggs at the same stage of development have been dissected from a single specimen (Liu, 1950) and since egg cases of this species contain only 7-12 eggs, it is likely that more than two egg cases are laid by a single female. This is also the case in B. mustersi. The left ovaries were dissected out of 11 gravid females and the number of oocytes per ovary averaged 38 (range 20-52). Therefore a female could lay 40 to 104 eggs and since the egg cases average 23 eggs (Nawabi, 1965) , each female deposits at least two egg cases and could deposit four or five.
Comparison.of ovarian egg number to snout-vent length in B. mustersi shows a positive correlation (r = 0.642) between egg number and size of the female. Oocyte diameters increased in specimens collected from August to March, abruptly increasing in December when increasing photoperiod began.
CONCLUSION
Batrachuperus mustersi is the only hynobiid salamander thus far discovered south of the Himalaya-Hindu Kush mountain chain. It resembles other members of the genus in general appearance, size, diet, and habitat. Differences include a reduced tail fin, ossification of the pterygoid bone and well developed gills in the larvae.
It is active year-round in a single high altitude stream, prefers temperatures less than 14?C, and has no sexual dimorphism except in the appearance of the cloaca in mature adults. Adults occupy different areas of the stream than larvae. Both feed on moving prey of different sizes and ingest considerable amounts of plant matter.
Breeding coincides with the spring thaw. Two or more egg cases are deposited per female and they are attached to submerged rocks or plants. The egg cases are similar to those of B. karlschmidti but lack striations and contain more eggs. Metamorphosis occurs in the spring after two years of development.
